In this paper, we study (p(x), q(x))-biharmonic systems with Navier boundary condition on a bounded domain and obtain three solutions under appropriate hypotheses. The technical approach is mainly based on the general three critical points theorem obtained by Ricceri.
Introduction and main results
In this paper, we consider the Navier boundary value problem involving the (p(x), q(x))-biharmonic systems ( ). In recent years, the study of differential equations and variational problems with p(x)-growth conditions has been an interesting topic resulting from nonlinear electrorheological fluids (see [] ) and elastic mechanics (see [] 
where p and q are real numbers larger than .
In [] , applying the fibering method established by Pohozaev, Bozhkova and Mitidieri, the authors studied the existence of multiple solutions for quasilinear system involving a pair of (p, q)-Laplacian operators.
In [] , Chun Li and Chun-Lei Tang ensured the existence of three solutions for the problem Recently, Lin Li and Chun-Lei Tang (see [] ) considered the Navier boundary value problem involving the (p, q)-biharmonic systems
}, and F, G satisfy suitable assumptions.
The main result of this paper is the following theorem. 
Theorem . Suppose that there exist two positive constants C, d and two functions
The paper is organized as follows. In Section , we present some necessary preliminary knowledge about the Lebesgue and Sobolev spaces with variable exponents, and present Ricceri's three-critical-points theorem. In Section , we prove the main result.
Preliminaries
Assume that is a bounded domain of R N (N ≥ ) with a smooth boundary ∂ . Let
with the norm
endowed with the norm
We denote by W 
By (iii) of Proposition ., we know that |∇u| p(x) and u are equivalent norms on W ,p(x)  ( ). We use |∇u| p(x) to replace u in the following discussion.
In this paper, the space E is endowed with the following equivalent norm:
Similar to Proposition ., we obtain the following.
we obtain:
continuous, bounded and strictly monotone operator;
(ii) L is a mapping of type (S + ), i.e., if u n → u in X and 
Then, for each ρ satisfying
Proof of the main result
Definition . A weak solution of problem (P) is any (u, v) ∈ E such that
for all ∀(ξ , η) ∈ E. We define the corresponding energy functional of problem (P) as
Then H(u, v) is a C  functional and the critical points of it are weak solutions of problem (P).
Proof of Theorem . Let , J, as above. So, for each u, v, ξ , η ∈ E, one has
Therefore, the weak solutions of problem (P) are exactly the solutions of the equation
In view of Proposition . (or [] for details), certainly, is a continuously Gâteaux differentiable and sequentially weakly lower semi-continuous functional whose Gâteaux derivative admits a continuous inverse on E * . Moreover, J and are continuously Gâteaux differentiable functionals whose Gâteaux derivatives are compact. Obviously, is bounded on each bounded subset of X under our assumptions.
Hence we have
So, there exists a constant C  ≥  such that
holds for any (u, v) ∈ E, where constants C  ≥ , C  ≥ . Here, by using conditions (j) and (ii) of Proposition ., combining the two inequalities above, we can obtain
Then assumption (.) of Proposition . is fulfilled. Next, we derive that assumption (.) is also fulfilled. It is easy to verify the conditions of Proposition .. Let (u  , v  ) = (, ), we can easily have
Then there exist γ >  and (u  , v  ) ∈ E such that (u  , v  ) > γ and (.) is satisfied.
There is a point x  ∈ since it is a nonempty bounded open set. Let r  > r  > , put 
Let (u  (x), v  (x)) = (w(x), w(x)), then by (j) we can derive that
By (j), there are nine positive real numbers M i (i = , , . . . , ) according to |s|, |t| larger or smaller than η and . For example, when |s| > , |t| < η some
Hence, fix γ such that  < γ < . And for
We choose w(x) ∈ X as above such that -J(w, w) > . Fix γ  such that  < γ < γ  < 
By (.), we obtain
(ii) For w ≥ , from (.) we get
From (.), we have
Then we can have
So, 
